Using the probability distribution approach, this study explores the weekday effects among Tokyo, London, and New York gold markets. Friday shows positive and significant higher returns, whereas Tuesday shows negative and significant lower returns than other weekdays. The weekend effects still exist, while Monday effects disappear. On average, London was found to have the highest returns, followed by New York and Tokyo. The peak and width estimations show that Tokyo has the highest volatility, while London and New York have similar volatility distributions, implying a similar preference behavior of investors. It also implies that arbitrage opportunities between London and New York could be trivial. After estimating the distribution from Monday to Friday across the three markets, we found that the distribution of return shows a leftward shifting in London and New York, meaning that the weekend effect is starting earlier from Wednesday and Thursday in London and New York. Some strategy implications are valuable to traders or hedgers.
Introduction
A vast amount of literature has documented that weekday returns vary with the day of the week across various types of assets and markets. Cross (1973) , French (1980) , and Gibbons and Hess (1981) found the traditional Monday effect in stock returns, in which the average returns on Monday are significantly negative and lower than the average returns on all other weekdays. Wingender and Groff (1989) concluded that the Monday effect is not due to outliers. Maberly (1995) pointed out that practitioners were aware of the Monday effect as early as the late 1920s. Aydo an and Geoffrey (2003) investigated calendar anomalies in the Turkish foreign exchange market and found that free-market rates exhibit day-of-the-week and week-of-the-month effects. However, contrary to international evidence, Lauterbach and Meyer (1992) found that stock returns in Israel are higher the following weekends and holidays.
Although studies confirmed the Monday effect in equity returns, the existence of negative asset returns on Monday is still a puzzle. If this pattern has been known by the public, why do investors still buy securities on Friday and expect negative returns on the next trading day, Monday?
Academics have tried to explain the plausible reasons. Some suggest that this phenomenon may result from statistical errors (Gibbons and Hess, 1981; Chen, Lee and Wang, 2002) . Sullivan, Timmermann and White (2001) argued that this calendar effect may result from data mining. Some researchers attributed the reasons to market efficiency, micro-market effect, or the set- tlement procedure (Fama, 1991; Gibbons and Hess, 1981; Lakonishok and Levi, 1982; Dyl and Martin, 1985) . In sum, while the Monday effect in equity returns has been widely documented, studies exploring the commodity markets are still lacking.
Some researchers found a shifting pattern in weekday returns for large-firm securities Monday returns are no longer negative and significantly lower than other weekday returns. Small-firm securities, however, continue to maintain the same pattern of high returns on Friday and negative returns on Monday. Arsad and Coutts (1996) found that, although the weekend effect existed in the Financial Times Industrial Ordinary Shares Index (FT 30 index) of London from 1935 to 1994, it did not exist in the 12 five-year sub-periods. They also found strong evidence of the weekend effect in a bad-news environment instead of a good-news environment. Coutts (1999) found no evidence of a Friday-the-13th effect on the FT 30 index. On the contrary, returns are higher on Friday the 13th than on any other Friday. Kallunki and Martikaninen (1997) found that the average daily returns from Monday to Wednesday are 0.15 percentage points lower than the rest of the week in Finland, meaning the weekday effect exists in Finland.
The weekday effect is also observed in other types of debt -and equity-related securities (Gibbons and Singleton and Wingender, 1994) . In addition, the weekday effect exists in non-equity and non-debt markets. Ball, Torous and Tschoegl (1982) and Ma (1986) found the weekday effect in the gold market. However, Coutts and Sheikh (2000) found no January effect or calendar effect in the All Gold Index on the Johannesburg Stock Exchange over the sample period. Coats (1981) Yu, Chiou and James (2008) found weekday effects in yen/dollar foreign exchange market. This effect has been variously attributed to settlement issues, asymmetries in bid-ask spreads, and measurement errors. Redman, Manakyan and Llano (1997) found the weekday effect in real-estate investment trusts. Overall, the weekday effect seems to occur in a wide spectrum of asset markets. This paper investigates whether the weekday effect exists in gold markets across Tokyo, London, and New York. Our paper differs from previous papers in a few important aspects. First, we use probability distribution to analyze the potential calendar anomaly in gold, which was not done by the prior papers. Second, we fit the return distributions from Monday to Friday across three gold markets and estimate the distribution parameters. This approach can avoid potential biases resulting from observing only mean returns and neglecting the entire overlook of the distribution. Third, we fit the volatility distributions from Monday to Friday in the three gold markets and calculate the distribution parameters, such as height and width. These estimates can help to explore the micro-behavior of weekday returns. It is also interesting to know whether the time horizon is a key factor in changing the weekday return pattern.
The rest of this paper is organized as follows. Section 1 briefly discusses data and methodology. In section 2, we estimate the probability distributions of intraday return volatility and the intraday returns of gold price. In section 3, the panel probability distributions from Monday to Friday in Tokyo, London, and New York are reported and discussed. We summarize and conclude in final section.
Data description and intraday returns
We obtained daily gold spot prices of the Tokyo, London, and New York markets from DataStream over December 29, 1978 -December 16, 2011 . Because holidays in Japan, U.K., and the U.S. differ, we, first, aligned the spot prices contracts by date and deleted the dates on which, at least, one market did not trade in order to align the data set. Then, we calculated the returns for each day. Figure 1 shows the time series of daily gold returns for the Tokyo, London, and New York gold markets from December 29, 1978 to December 16, 2011 . The return behaviors of these three time series seem remarkably similar. Overall, there seems to be a high degree of integration between the three gold markets, although they are located in three different continents with different time zones. 
Probability distributions of intraday returns.
Let us first introduce the notations. The gold return is expressed by R i (t), and the time series of daily returns, R i (t) is defined as the change in the logarithm of the daily price as expressed in equation (1):
Rt= l n Zt + lnZ t (1) where t denotes the time interval of the sampling with t = 1 day. We further define the define the probability distribution, P, as a normalized distribution of the daily returns, R(t), which satisfies () 1 . PRd R= (2) The probability distributions of gold returns, P (R), in the London, New York, and Tokyo are shown in Figure 2 . These distributions are shown with variant kurtosis. 
Fig. 2. Probability distributions of gold returns in London
2.2. Probability distributions of intraday return volatility. In this section, we construct the probability distributions of gold return volatility across Tokyo, London and New York.
First, we used the histogram method to count the value of volatility N (V n ) ranging between V n = n ( V) and V n +1 = (n + 1)( V), with V = 0.0005. Here, n is an integer ranging between 0 and . The probability of volatility in the interval between V n and V n + 1 is, then, given as
with the normalization:
n n PV , V= (4) As can be observed in Figure 3 , at least two characteristics are worth mentioning. First, each distribution is asymmetric with a peak. Second, each distribution has a longer tail than the Gaussian distribution. Yu and Huang (2004) suggested that a lognormal function can take both characteristics into account when calculating the volatility distribution. Following their methodology, we employed the following form of the distribution function:
Fig. 3. Probability distributions of gold volatility in London, New York and Tokyo
We estimate V c and w first and, then, calculate the corresponding log-normal parameters μ and by calculating and: 22 21 c = exp lnV + w exp w . This function contains two adjustable parameters, V c and w, indicating the peak probability location and the distribution width, respectively. This distribution function is normalized as follows:
The three fitting curves of the log-normal distribution functions are represented by the dotted lines in Figure  3 . The corresponding values of the two parameters V c and w are reported in Table 4 , which also presents the highest volatility probability V c ; the width of the peak, w; the average volatility, V (t), indicating global volatility; and the standard deviation of the volatility, indicating fluctuations in volatility.
Probability Distributions from Monday to
Friday in Tokyo, London, and New York. On the basis of probability distribution, this section explores differences, if any, in gold returns and volatility between Tokyo, London and New York.
Descriptive statistics of gold returns from
Monday to Friday. Table 3 shows that London has the highest returns (0.000385) on Friday, followed by New York (0.00029) and Tokyo (0.000215). This result implies that a weekend effect exists in gold markets. Tuesday exhibits negative and the lowest returns, while Wednesday shows positive returns in three markets. Monday exhibits negative and the lowest returns in New York (-0.000008), and Thursday shows negative returns in Tokyo (-0.000209). Hence, there was no evidence of Monday effects in gold markets. Investors who buy gold is guided by different markets. Our Scheffe's test indicated a significant difference between Tokyo and London and between Tokyo and New York, but not between London and New York from Monday to Friday. To sum up, the traditional weekend effect has been lengthened in the gold market. Specifically, the Friday effect still exist, and Monday effect has been replaced by the Tuesday effect. In other words, to earn excess returns, it is likely that investors buy gold on Friday and hold it until the next Tuesday.
We interpret this from the perspective of a rational market: if investors know that the returns on gold is better on Friday than on other days, they will buy gold on Thursday and shift the positive returns earlier. Similarly, if investors know that the gold price is likely to be marked down on Monday, they are likely to avoid having their own gold marked down on Monday, so that they can sell it late on Tuesday. Given that gold has the unique characteristic of value preservation, a long-term holding period is better and, hence, the negative returns were rightward-shifting to the next day, Tuesday. Figure 5 (a-e) shows the probability distributions of returns from Monday to Friday in Tokyo, London, and New York. Not surprisingly, Thursday has the highest return peaks associated with an average width for New York and Tokyo, while Wednesday has the highest return peak for London. This implies that Thursday and Wednesday may have the highest probability of earning abnormal returns. These distributions imply that investors already implement the buying strategy in advance, that being said earlier than Friday and make average returns on Friday the highest. Due to the highest returns in London. To check the consistency, the authors, therefore, fitted a Gaussian function to measure the distribution parameters. The estimated coefficients in Table 4 Our findings confirm that investors still follow the similar behaviors or beliefs prefer to buy gold on weekend over these decades. This finding is consistent to those of Ball et al. (1982) , Ma (1986) , and Kompa and Matuszewska (2007), who demonstrated that the weekend effect exists in the gold market. However, the holding period is lengthened to the next Tuesday.
One possible reason could be internet trading with its low cost may enhance the investors' trading behavior, increasing the expected excess returns over weekends. Among the three markets, the following strategy can make traditional weekend effects more profitable: investors buy gold earlier or on Friday in London and sell it lately on Tuesday in Tokyo. We interpret this finding using the same perspective of a rational market as for gold: If investors know that excess returns on gold may appear on Friday, they will buy gold on Thursday and shift the positive returns earlier to other days. Similarly, when Monday is expected to result in negative returns in Tokyo and London, investors are likely to postpone to mark down the gold price on Tuesday on the basis of volatility. All these beliefs shift the distributions of the traditional weekend effects leftward and Monday effects rightward. Besides, this behavior may also imply information flows reflecting the investors' behavior that is gradually changing from being on a day-to-day basis.
Another possible reason is the announcement effect: The American Petroleum Institute regularly announces the crude oil price on Tuesday, which discounts the crude oil price on Wednesday. Due to gold and oil is highly correlated, this may indirectly influence the gold distribution leftwardshifting. Our findings complement those of Singleton anWingender (2003) from a news release perspective and add an extra dimension in the form of a probability distribution to explain the leftwardshifting weekday effect of gold.
Results of estimated parameters of the volatility distribution.
In Table 5 , we compute the return volatility, standard deviation, skewness, kurtosis, and Jarque-Bera (J-B) value of gold in the Tokyo, London, and New York markets. The volatility distribution of gold is slightly right-skewed (skewness > 0) and leptokurtic (kurtosis > 3). However, the skewness and kurtosis for London and New York are significantly larger than those in Tokyo on Monday, Tuesday, and Thursday, implying that London and New York have a much higher risk than Tokyo on Monday, Tuesday, and Thursday. On Wednesday and Friday, Tokyo has a much higher risk than London and New York. To better understand volatility, we estimated the peak and width parameters of the volatility function. Table  6 shows that Monday has the highest peak of 0.0075 associated with a width of 0.0053 in Tokyo. Results suggest that the biggest discrepancy in terms of investors' beliefs occurs in the beginning of the week.
Thursday shows the lowest peak of 0.0057 (0.005197, 0.005176) in all three cities. Given that the peak and width range (Vc ± w) represents the volatility area, the London market is obviously more volatile than the Tokyo and New York markets and has a larger discrepancy in terms of investors' beliefs. The volatility distribution are displayed in Figure 7 (a-e). London has the lowest volatility, with a distribution associated with the highest peak and a narrower width than Tokyo and New York from Monday to Friday. Moreover, Thursday has the highest volatility. This phenomenon is similar across the three markets. We can also see that volatility is lowest on Monday. All this information about the distribution parameters reveals more consistent evidence of the three gold markets. 
Conclusions and discussion
Using probability distribution approach, we found that the weekend effects still exist in the gold market across the London, New York, and Tokyo. However, Monday effects disappear. Instead, Tuesday shows negative and significantly lower returns than other weekdays across the three markets. These results imply that the investors who keep gold over the weekends has the possibility of winning more premium compared to weekdays. The explanation for the negative discounts on Tuesday could be that usually worce news released during the weekends. These bad news influences the investors negatively, leading them to sell on the following day. However, the bad news affecting the weekend is usually the markets in the US, that indirectly influence other markets by one day lagged.
These findings can be evaluated as assistive information in applications like defining the time of purchase/sale by an investor in London, New York, and Tokyo. If an investor buys gold earlier on Friday in London and sell it lately on Tuesday in Tokyo, the possibility of his or her obtaining an above-average premium is strong.
Moreover, although Friday effect still exists in gold, its probability distribution shows a leftward-shifting, meaning that the effect has been starting earlier from
Wednesday and Thursday in London and New York. These findings also indicate that investors have already implemented the buying strategy in advance, that being said, before Friday and make average returns on Friday the highest. The plausible reason could be that holding gold is not costly or risky over the weekend, although a risk aversion to whatever risk remains an explanation. Besides, the online trading or arbitrage has been making the intended transaction quicker and earlier.
We found that London shows the highest returns, followed by New York and Tokyo. New York has the lowest volatility, while London and Tokyo show the similar volatility distributions, implying similar investor risk -return preference behavior between the London and New York gold markets. We attribute this phenomenon to the overlap of the trading time between the two markets. It also implies that arbitrage opportunities between London and New York are trivial and that, instead, Tokyo will be a better market to arbitrage.
The holding period for gold lengthens from Friday to the following Tuesday may also a good reference for hedgers or traders who intend to reduce the uncertainty surrounding the return on gold transactions, due to traders may wish to time their order flows so as to avoid the release of information that has been shown to affect prices.
In addition, the mean returns of gold vary substantially with the day of the week, with prices reacting to specific scheduled announcements or settlement effects in the U.S. For the gold market, the lowest volatility appears on Thursday in New York, while the highest volatility appears on Monday in Tokyo, showing that the trading volume is larger on Monday in Tokyo, and a lesser trading on Thursday in New York. These results are valuable for those frequently trading in gold markets or long-term market participants who make trading decisions based on the release of potentially price-sensitive information or announcements.
